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Measurement of Longitudinal Ernittance Growth Using a
Laser-Induced Neutralization Method”

V. W. Yuan, R. Garcia, K. F. Johnson, K. Saadatmand,f 0. R. Sander,

P. %mdovd, cm? M. Stinas
Los Alamoe National Laboratory,, Loo Alamos, NM 37545

Abstract

A Iuer-induced neutralisation technique, LINDA, hu
been used to study the Iongitudirtai mittance of the 5-
MeV If- beam exiting the drift-tube LinAc (DTL) of
the LrMAlamoa Accelcr~tor Teet Stand (ATS). By using

multiple Iuer interoectinn Pointq longitudinal emittancq
~rowths over dlift distsucea of 23,6 md 30.6 cm were n~ea-

sured. Sulmequently, a IMmn transport line, which con-
ohtedof ono utu of a be- hmnel, WAAsubstituted for tho
drift space. M*esuremcnts show that tho .Iements of tho
fuunel conotrsin emittartce grow?k widh tho H- beam is
coutdnwi within thaa tmnmport -Imuents.

Bbanl
Slnp

1 Introduction
Figure 1: Sch*matic of LINDA ●xperimental oetup,

The Laca-Induced I’4eutral Diagnostic Approach (LINDA)
[1] intersects an accelerator particl. beam with chort-
duration (--23 pa) laser pulwu which ●rc used to mea=
m, e the Particlebcmu Iongit udinal phase cpaca, Tho rmc

lou~ltudind ●ndttanco ●t the point of her intmection is
quantitatlvdy rlotermind from tho mca.euremmtt, If two

laser Intersection pointo ●ro CMployed nimultmmcwly, the

enlitttnce growth in the betm-trsneport space between the

intemctiou points cm be dderminadi An experiment wu
pprfor.ncd on the 5.MeV H - bcmtt of the ATS to r~csoure

Ihc longitudinal emittance and its ~rowth ●t the exit of
IIIC IITL section.

LINDA UKC A shor!-durstion las~r pul~c (SCQFlgurc I ) of

CIIIAl~ tpatial width to intersect ●n H- beam bunch of the
a,,c,~krator. The photol~ in tho Iuer pulse photon~utralise

a slice (inpl:AAe) of th+ intermct,d H- ulicrobunch, pro-
riuting Hot, Th~ remaining chm~ad P‘ B ●e stmred out

!4 the b~an~ line by ● dipole nmgimt whih the neutrai H’)a
continue acrou a drift space to ● detector farth~r down
the bmlnlluc, The n~utrslised H’)ti ●rc produred nearly

instantsliccmJy, ●nd if mono~n~rgetic, thdr arrivml at the

rlct?ctr r would b? a d~ita function III tit\t,*, But, bccmuM

th~ n?utraliscd particles pOMQJSA IiuitePn?rgy sprcmd ●nd

the detector h s firtlte rceolutlort, the dektor signai it

~pread out in time,●ud a quantitative determirmtion of
tlm energy -pread cm be determined from the time width

of the detactor o@L By vmying the hmtmrt of the l-r
firing snd thereby emnpUng diileront SUCH (In pham) of

the beml bunch, the fuU Iongitudirml phue apac~ of the
bcanl can b~ mconstructcd (me Figure 2a), A contour plot

of thi~ ~tructure io ~hown in Figure 21J,

2 Experimentmal Setup

Th~ ~xperinwnlal setup of Fi~urc 1 contailwd A modv-
Iorked Nd YACJ lu~r with a fundmncntd fr?qucncy cd

1,01Y4 AAm. The H” photoneutrdttmion crom a~ction [’J]

is A broad peak thd do- not vary by mor~ thmr a factor

of 2 over ● wavelert@h ranac of 500 to 1400 nn~, The olIt-

pul of the Iaet wu pulse sltccd, smplill.d, and frquwrcy

dou$icd, rmdting in -hort-duration pubet at 532 mII. A(.

tcr fr~qucncy doubting, lhc tlux of phototw WM reduml

by dO% and th~ photod?tarhm?nt cro~a c?ction WM -- 17%

snmllw than with LII* 1064 IIIU fundamcntml, but IIK time

r-tur~tion of the Inm pulom wna shrrr!mw-t frnllt U pa to

21 p~

w r?p~tition rmt? r-d the Iaa?r was % 1{s, nnd A ~?ri~~ 0(

opticnl Illirrors and h~mn~ split ttra rlivirid th? Innrr h~nl)~



F@rQ 2: (a) Thr-dinmwlonal plot Of longitudi-
nakmlttmrca phue cpace ●t exitof ATS DTL. (b) Con-
tour plot of the longitudinal phue space shown In figure

2A.

into wparate paths that cmaeed the patticle beam of the
ucal~ratot 6.3 cm ●nd i’9.Ocm paat tiw end of the DTL. In
● Iatar run, the downstream croedng point waa chartgd to
a dletanco of 36,9 cm downstrcmn of tho DTL, ln any luer
firing, microbunch- of the particle b~arn wero Intmoected
by the Iuer ●t one or the other of the creasing point-, but
not ~inlultaneously ●t both.

The temporally thort Iaacr puke neutrakd ● chort
phase slice o{ a beam I cropulce. The neutrd.imd bcanl
partick were nmgrwtirally scparatvd from the rcnmin-

ing chugecl particlec in Ihe bmnt, ●nd tteit thneof-flight

(TOF) ●rrivaf waa rmorded with ● secondary -mtiiokr
monitor (SE M), The Si3M mignal wan digitised with ● Tek-
tronix AD7912 waveform dlgltlger, and tha the of th~

lMCr firing within the micropulne WM determined using a

)iano[aet 536- 10B tinie-intmvaf nlekr.

3 Phase Resolution

particle beam (with velocity u) during the period of laxer
illumination, d = vtl, must be small compared to Wb. Thh
condition u eignikcl by writiq the inequality:

fl +:< t&,

where tk (=uu/u) u the tbno duration occupied by the

microburtch, mtd for good reeoiution < d@ke ● factor

of 6 or greater.

4 Neutralization lkaction

The neutraliadoa frution for each her pufa? deperrdt
on the flux of photons interceptin~ the particle beam, the

crou section for neutralization ●t the frequency of the Iuer

light, ●nd the ●verage time a beam particle spends in the

light of the Iuer beam. Thie latter quantity, the illunlina-
tion time t,, is dependent on the width af the Iuer focus,
WI, and the dictance, d, travened by the beam particle in

the time period for which the law pub u on, If WI > d,
then the time moat particlee opend in ths boant is -- tl, On

the other hand if d > wI, then most of the partick paae
in and out of the Iuer beuu before the pulee tcrminatem,
●nd theirillumination time is -U WI/u. The neut rahation
frution N/Nn for beam particlee illuminated for a period
G by the laser la calculated by evaluating

where a u the photodotachmont cream eection ●nd F it the

photon flux,

5 Emittance Determination

The data from ● LINDA run corwist of ● set of TC’F pr~

thee, one profile fot aach laser fire, Aeeociated with ●ach
prufile b the Nanofaa; timing value danarklng th~ phaee
of th~ b~am microp’-’w when the Iuer fired. Profilw fronl

Iu@r flrin~s with the same phue vaiue ●re svcraged to give

TOF profilee rdatwf to the energy -epread distribution for
●ach phase. Extractin~ the actual ●nmgy.nprt~d distribu.
tion of the hwuu r~uiree correcting each obmwecl TOF

proflc for 1) background ront~ibut{ono and 2) the tlnii~

rmolutlon of the drtector,

TIIe flnit~ t~solution o{ th~ ckctor WM Iuwmurd in

sepuate calibration ●xpw. hlwnta durir~ which the SEM

was movwl to m poeitiou ju~t downstream of LIIQ !aacr in-
terswtion point. An effective rmt width for the rmoi~ltion

profik wae dwermlned throush uumerkal convolution of
the callbrat{on profile with Gaussian dlctributiono of var-

iou~ widths. Each rwrrlting convolved profile wae fit to 4

C;autoian shape to determln~ Itt widt!l, And th~ cnscIIIhle

,}f rmulting width- wu fit to ● dl~trlbutlon function:
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Figure 3: Meurred (new redta) longitudinal ●mittance

growth in a drift space downstream of the ATS DTL. Con-
tinuous Iinea connect measurements n.mde concurrently in
tire?.

azzd C, ix the real tigrd width. In analysing the data
fron~ each LINDA run, the averaged TOF profile (with
bukground subtruted) for each phaaa bin wu fit to ●

Gmmeimt shape to determine Its width ●nd ●mplitude. The
observed width waa then corrected using the previously

detern~ined effective detector reaohrtion to give the ●ctual
signal width.

6 Results

Reeults from the endttance meuurmuento taken at the ●xit
of the DTL ●nd ●t pcdtions downstr~mu (ollowing drift

spare of 23.6 cm &nd 30,6 cm are prmnted in Figure
3 and Table 1. They indicate an emittance of 0.73-0.93

W.MeV-d~g ax tlw beam leav~ the DTL. Coniput@r #ins-
ulation atudics uoing PA RMTEQ were pcrforn~ed by the

AT- 1 group at Loa Alamos [3], ●nd the ~imulations predict

an emittance 4 tinles Iargtr than what u observtd.

Emittancc growtho of 60% to 80% ov?r drift distancca
of 23,6 cm ●nd 30,6 cm are obmved (tee Figure 3),

Previoum meaaur~lli~lita at Los AlaIUOC obs~rkcd ●roil.
lance grow~(r, of 30% ov~r a drift space of 11 cln, and

colliput-r-sillltil~tioll studies rfuplicat?d the mamc m~~ni.
tude of growth lor th~ aant? distance of drift. Th? n~w

data, however, indicate larger growths for the longer 24 to
31 CIIIdrifts So far, computer simulation of the-~ Iongcr

drift distancet have failed 10 produce ● growth In cmittance

that cxcwds 28% [4]

Submquent to the ?mittmrcc growth measuremmts, a
twain transport liIIc [5] that consisted of OIIQarlll of a

hmIII fullnd wa~ suhstitumi for thrdrift spm ‘h trans.
p(trt line contain~d four p?rtllatl?llt-llla~ll?t dipolcc, (i[t~cn

l)~rlllallrllllll,lqlltt r~umdrllpolcml four r[ bunchcrul And OIIQ

t{ il~ll~ctor, ‘[’iIcnv-rnll I?nuthof (It? lransport lint was

15R rlli, M~~ur~cl ~lliittanr?s at th~ ?xit of this sinult.arlll

Lon@dinal etuittance
(c%) (w. MeV c deg)

8.3 .0781 * .C038

0.3 .0934 ● .0015
29.0 .1425 + .0147

39.s .1462 + .0031

Table 1: Longitudinal emit tance valuea for pointc down-
str-arn of ATS Drift Tube Mac (DTL). Z i~ distance be
tween l-r interjection point and end of DTL.

funnel (M4 exit) are also shown in figure 3. The cmittance

growth after the fitnaol tranaport i“ no larger than that ob-
xervad for ● much shorter pure drift. We conclude that the
funnel constrtirw enlittance growth while the H- b~am is
contained within its tranqmrt elements.
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